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REFRIGERATION APPLIANCE

CROSS-REFERENCE TO PRIOR APPLICATION

Priority is claimed to German Patent Application No. DE
102014 107 366.5, filed on May 26, 2014, the entire disclo-
sure of which is hereby incorporated by reference herein.

FIELD

The present invention relates to a refrigeration appliance.

BACKGROUND

Refrigeration devices, such as, for example, refrigerators,
freezers or wine storage cabinets, tend to become increas-
ingly large to provide larger storage capacity. Regardless of
their use, such refrigeration appliances have a body having an
interior for receiving the objects or products to be cooled, and
a door attached to the body. Refrigeration appliances always
have an elastically deformable seal disposed between the
body and the door to prevent warm air from entering the
interior, and to prevent the cold present therein from escaping
to the outside when the refrigeration appliance is closed. Due
to the temperature difference between the environment and
the interior of the refrigeration appliance, the warm air that
has entered the interior of the refrigeration appliance after
opening the door is cooled once the door is closed, causing a
decrease in the volume of the air, as a result of which a
vacuum develops in the interior of the refrigeration appliance
and presses the door against the body with a force increased
by the ambient air pressure. As a result of the door-closing
force increased in this manner, the door may be impossible to
open or may be openable only with substantial force, espe-
cially with increasing size of the refrigeration appliances.

In order to overcome such difficulties, various approaches
have already been proposed for facilitating or performing the
opening movement of the door of the refrigeration appliance,
and thus help overcome the vacuum developing inside the
refrigeration appliance.

For example, German Patent Application DE 10 2006 061
083 Al describes a refrigeration appliance having a body
whose interior can be closed by a door. A seal disposed
between the door and the body serves in the manner described
above to prevent warm air from entering the interior, and to
prevent the cold present therein from escaping to the outside
when the refrigeration appliance is closed. Moreover, the
refrigeration appliance design presented in DE 10 2006 061
083 Al has a control unit used for actuating an opening
mechanism acting on the door. The control signal needed for
this purpose is generated by at least one motion sensor which
generally is capable of sensing movements of the door and of
outputting in response thereto a signal to the control unit, this
signal being usable for actuating the opening mechanism.

Also described is a pressure sensor that senses the pressure
in the interior, which changes slightly in response to move-
ment of the door. Such pressure variations in the interior arise,
for example, when a pressure force or a pulling force is
exerted on the door. This movement of the door is identified as
an opening request and triggers a signal for actuating the
opening mechanism.

German Patent Application DE 102006 061 083 A1 further
describes a plunger forming part of the opening mechanism,
which, in connection with a coil and a permanent magnet,
serves to generate a voltage, and thus an inductive signal. In
other words, different sensors are mentioned which are
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2

always used to convert a movement of the door into a control
signal of the opening mechanism.

Further, DE 20 2000 011 427 U1 describes in general terms
atrigger sensor having a force sensor which, according to the
disclosure of the document, is used to actuate an opening
mechanism.

Force sensors, in particular, have a very short measurement
travel, which results in the disadvantage of having to initially
adjust or zero such a sensor after installation thereof. Manu-
facturing and fitting tolerances between corresponding com-
ponents of the refrigeration appliance can thereby be com-
pensated for within certain limits. Such tolerances could
otherwise negatively affect the measurement result. Such an
adjustment operation alone is not particularly complex, but
what adds to it is that the above-described vacuum developing
in the interior of the refrigeration appliance may change the
initial setting of the measurement travel of the sensor, requir-
ing it to be readjusted until the selected setpoint is reached
again. This is because the vacuum changes in response to
varying environmental conditions, or because the adjustment
of the door joints changes due to wear. Consequently, in the
constructions known heretofore, the arising tolerance devia-
tions lead to inaccuracies in the acquisition of measurement
values, and also in the subsequent signal processing, which in
turn may result in delayed or premature response of the open-
ing mechanism.

SUMMARY

A refrigeration appliance includes a body having an inte-
rior sealed by a closeable door by a seal disposed between the
door and the body, and at least one control unit for actuating
an opening mechanism acting on the door, whose control
signal, which triggers the opening of the door, is configured to
be generated by at least one sensor cooperating with a
plunger, wherein the plunger has a contact surface for engage-
ment of the sensor, and the plunger is supported in a passage
of the door or of the body so that it is configured to be
movable, together with the sensor engaged against the contact
surface, in an axial longitudinal direction of the plunger and
against a force of a spring element.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in even greater
detail below based on the exemplary figures. The invention is
not limited to the exemplary embodiments. All features
described and/or illustrated herein can be used alone or com-
bined in different combinations in embodiments of the inven-
tion. The features and advantages of various embodiments of
the present invention will become apparent by reading the
following detailed description with reference to the attached
drawings which illustrate the following:

FIG. 1 is a perspective view of an exemplary refrigeration
appliance equipped with an opening mechanism;

FIG. 2 is an enlarged view of detail II of FIG. 1;

FIG. 3 is a partial sectional view showing a sensor unit in
the installed condition;

FIG. 4 is an enlarged view of detail IV of FIG. 3;

FIG. 5 is a three-dimensional view of an exemplary sensor
unit with a printed circuit board;

FIG. 6 is a view showing a plunger as a separate part; and

FIG. 7 is an isolated top view showing a printed circuit
board as a separate part.

DETAILED DESCRIPTION

A refrigeration appliance including a body having an inte-
rior which is sealed by a closeable door, for which purpose a
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seal is disposed between the door and the body, and further
including at least one control unit for actuating an opening
mechanism acting on the door, whose control signal, which
triggers the opening of the door, is generatable by at least one
sensor cooperating with a plunger, is improved, according to
the present invention, in that the plunger has a contact surface
for engagement of the sensor, and in that the plunger is sup-
ported in a passage of the door or of the body in such a way
that it is movable, together with the sensor engaged against
this contact surface, in the axial longitudinal direction of the
plunger and against the force of a spring element.

In addition to being simple to implement, another advan-
tage achievable by the present invention is that it completely
eliminates the need to later correct the initial adjustment of
the sensor, which heretofore would become necessary, for
example, due to the vacuum that develops in the interior of the
refrigeration appliance and which is subject to variations as a
function of varying environmental conditions. In accordance
with the present invention, a spring element is used which
increases the measurement travel of the sensor in a simple
manner. The special feature in this connection is that the
spring element urges the sensor into engagement against the
plunger, thereby ensuring permanent contact between the
sensor and the plunger. The spring follows any movement of
the plunger, which has a relatively long free travel, thereby
preventing separation between the sensor and the plunger.

It has proved advantageous that the present invention
enables very accurate measurements to be made by the sensor
within the entire expected range of manufacturing and fitting
tolerances. This results in particular from the increase in the
measurement travel of the sensor by means of the spring
element.

After the sensor is mounted in the refrigeration appliance,
first a measurement value for the rest state is acquired with the
aid of the sensor. This is followed by zeroing of the sensor,
which is performed in the control unit or in peripheral devices
provided for this purpose, using suitable software. Moreover,
due to the increase in the measurement travel of the sensor,
which is achieved by the spring element, it is possible to
ensure that the sensor does not need to be readjusted or newly
adjusted, even if the environmental conditions and/or the
vacuum in the refrigeration appliance should change, or if
wear should occur on the door joints.

In accordance with a first embodiment of the present inven-
tion, it is additionally proposed that the contact surface of the
plunger that contacts the sensor have a spheroid geometry.
The spheroid geometry of the contact surface of the plunger
has the decisive advantage that the contact surface is always
centered on the sensor, regardless of external conditions. In
addition, the punctiform contact area with the sensor created
as a result of the spheroid geometry decidedly improves the
measurement accuracy, so that the parameter to be measured,
such as, for example, force, can only be introduced in the axial
direction, thereby ruling out erroneous measurements.

According to another proposal of the present invention, the
spring element is a helical compression spring. Advanta-
geously, this compression spring is disposed coaxially with
the plunger. Such a component is commercially available, and
thus provides a simple and therefore low-cost solution for the
present application. Moreover, the specific spring character-
istics of such compression springs are known and can be
accurately determined for the intended application, which
also allows for accurate prediction of expected measurement
results.

In an embodiment of the present invention, in order to
improve the protection of the sensor, the sensor is received in
a free space of the plunger. With this construction, the entire
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sensor unit composed of the sensor, the plunger and the spring
element can be made very compact and adapted to occupy
little space in the refrigeration appliance. Consequently, this
also facilitates installation into the refrigeration appliance.

If, in addition, the sensor is disposed on a floatingly
mounted printed circuit board, this has the positive effect that
the printed circuit board can be pressed against the plunger by
the spring element, and that the sensor thus remains in per-
manent contact with the plunger in this manner as well. Thus,
an improved pressure surface is provided for the spring ele-
ment. Moreover, the floating mounting of the printed circuit
board and thus of the sensor disposed thereon by means of the
spring element makes it possible to compensate for move-
ments which occur in response to opening and/or closing of
the door. This provides a simple way to avoid any potential
negative effects on the measurement results. Another positive
aspect of disposing the sensor on the printed circuit board
results from the fact that the printed circuit board may contain
all electronic components and circuits required to implement
signal conditioning. Thus, this solution, too, contributes to a
most compact construction of the sensor unit, which, in this
case, includes also the printed circuit board.

In one specific variant of an embodiment of such a printed
circuit board, the printed circuit board has circular segment-
shaped cutouts surrounding the sensor to receive correspond-
ing ribs formed on the plunger and surrounding the free space
thereof. In this manner, the plunger can be received and
supported in the printed circuit board. In addition, by suitable
measures, the plunger can also be axially guided in the printed
circuit board, which thus has several functions.

In accordance with a further proposal of the present inven-
tion, the sensor is one which operates based on the piezoelec-
tric effect. This means that the sensor used may be a piezo-
electric sensor, a piezoresistive sensor, or a magnetoelastic
sensor.

In the case of the piezoelectric sensors preferably used
here, a pressure force applied to the sensor generates an
electrical voltage which may be further processed as a signal.

In contrast, in piezoresistive sensors, the electrical resis-
tance is used as a signal. Such a sensor is a pressure sensor, in
which a diaphragm is flexed in response to a mechanical
pressure difference between one side and the opposite side, as
a result of which the electrical resistance changes. Magne-
toelastic sensors, in contrast, are based on the principle of
electrical inductance, which changes under the action of a
pressure force exerted on the sensor.

In more general terms, the sensor used in accordance with
the present invention is a force sensor which may operate
based on one of the aforementioned principles.

With regard to the construction of the plunger, it is advan-
tageous for it to have an abutment flange on the interior side
of the passage provided in the door or in the body. In this
simple manner, the plunger is secured or fixed in the passage,
while also ensuring that the plunger remains in permanent
contact with the sensor. Thus, the plunger is installed from the
interior side of the door or body by inserting it into the
passage.

In another embodiment of the present invention, the pas-
sage for the plunger is configured as a bearing sleeve on the
interior side of the door or of the body. In the first instance,
this solution seems to be banal, but it has the decisive advan-
tage that the bearing sleeve ensures linear guidance and lat-
eral stabilization of the plunger. In other words, the plunger is
optimally guided and supported in the refrigeration appliance
with the aid of the bearing sleeve. Furthermore, the inner
surface of the bearing sleeve may be provided with an addi-
tional, friction-reduced coating, or be entirely made from
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slippery material. It is also within the scope of the present
invention to form the bearing sleeve integrally as one piece on
or with the interior side of the passage.

Preferably, the force-travel curve of the spring element is
matched to the measurement range of the sensor. The sensor
has a measurement range which includes both the sensor’s
measurement range and the action of the spring element.

Furthermore, in the refrigeration appliance according to
the present invention, an abutment surface corresponding to
the underside of the plunger is provided to mechanically limit
the deformability of the spring element, and thus to protect
the sensor from overloading. In other words, the range of
motion of the plunger is limited, because it has, on the one
hand, an abutment surface on its underside, which corre-
sponds to the abutment surface of the refrigeration appliance,
and, on the other hand, the aforedescribed abutment flange.

The present invention will be described below in more
detail with reference to the accompanying drawings. The
exemplary embodiment shown is merely intended to illustrate
the principle of the present invention, but should not be con-
strued as limiting it to the variant shown.

Identical or similar components are denoted by the same
reference numerals throughout. For the sake of illustrating the
operation of the present invention, the figures are greatly
simplified schematic views in which components not essen-
tial to the invention have been omitted. However, this does not
mean that such components are not present in an approach in
accordance with the present invention.

FIG. 1 shows in perspective view an exemplary refrigera-
tion appliance 1, which is essentially composed of a body 2
and a door 3 closing the same. Moreover, body 2 has an
interior 4, which is closed by door 3. In the example shown in
FIG. 1, a peripheral seal 5 is provided on the interior side of
door 3 facing body 2 to prevent warmed air from entering
interior 4 of refrigeration appliance 1, and cooled air from
escaping from interior 4. When door 3 is closed, peripheral
seal 5 engages the corresponding surface of body 2. Interior 4
of refrigeration appliance 1 serves in known manner to
receive objects or products to be cooled.

Moreover, a control unit 6 (sketched only schematically in
FIG. 1) serves to process a signal generated by a sensor 9 of
refrigeration appliance 1 and to actuate an opening mecha-
nism 7 by this signal. In the present case, signal generation is
accomplished using a plunger 8 which is activatable by door
3 and whose intent will be discussed in greater detail below.

FIG. 2 shows an enlarged view of detail Il of FIG. 1. In this
view, it becomes clear that opening mechanism 7 is built as a
unit with the sensor unit, of which only plunger 8 is visible in
FIG. 2. This plunger 8 extends through a passage 12 in a
direction perpendicular to the surface of body 2, from which
it projects a certain distance. In FIG. 2, only a bore of opening
mechanism 7 is shown. Upon activation of opening mecha-
nism 7, a pin comes out of this bore and is pressed against the
surface of door 3 to open the same.

The unit formed by opening mechanism 7 and the sensor
unit may, of course, also be installed in door 3. Itis also within
the scope of the present invention to provide the sensor unit
and opening mechanism 7 separately from one another.

However, the shown embodiment as a unit has the impor-
tant advantage that it can be installed in a pocket of refrigera-
tion appliance 1, such as is used also for installation of a
hinge. This allows refrigeration appliance 1 to be standard-
ized such that door 3 can be hinged both on the left side and
on the right side. Accordingly, the unit formed by opening
mechanism 7 and the sensor unit can be installed in the
remaining pocket on the strike side of the door, which is not
needed for the hinge.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 3 shows in partial sectional view a sensor unit in the
installed condition, while FIG. 4 shows an enlarged view of
detail IV of FIG. 3, which will be described below in connec-
tion therewith. Here, the sensor unit is composed of a plunger
8 which, in the example shown, protrudes with a portion of'its
length through a passage 12 from the surface of body 2 of
refrigeration appliance 1. For improved guidance and lateral
stabilization of plunger 8, a bearing sleeve 20 is configured on
interior side 18 of the surface of body 2. An abutment flange
19 provided on plunger 8 rests against bearing sleeve 20 in the
axial direction of plunger 8, thus preventing plunger 8 from
releasing itself from the unit. Moreover, plunger 8 has formed
on its underside two ribs 16 and 17 which extend through a
printed circuit board 14 having matching cutouts 15. Further-
more, below printed circuit board 14, plunger 8 is received in
a guide sleeve 23, which further improves guidance and sup-
port thereof. A spring element 11 bears against a circumfer-
ential collar 24 formed on guide sleeve 23, the other end of the
spring element coming to rest on a flange-shaped abutment
surface 22. The spring element 11 used here is a compression-
type helical spring of simple construction. Abutment surface
22 provides here a mechanical limit to the distance that may
be traveled by plunger 8 against the force of spring element
11. Plunger 8 also has a abutment surface on its underside 21
corresponding to abutment surface 22. Due to the ribs 16, 17
provided on the underside of plunger 8, a free space is created
in this area of plunger 8, a sensor 9 in the form of a force
sensor being disposed in this free space. This special design of
the plunger allows the illustrated unit to be made very com-
pact. As can be seen particularly in the view of FIG. 4, sensor
9 has an approximately central, rounded contact surface
which is in permanent contact with a corresponding contact
surface 10 of plunger 8 under the action of spring element 11.
Contact surface 10 of plunger 8 has a spheroid geometry,
which means that it is shaped here as a spherical segment. In
FIGS. 3 and 4, the sensor unit is shown in the position when
door 3 is open. When door 3 is closed, plunger 8 recedes a
certain distance against the force of spring element 11, as a
result of which sensor 9 is acted upon by a nominal load,
which is determined as a setpoint with the aid of control unit
6. Based on this setpoint, any change in the movement of
plunger 8 has a direct effect on sensor 9, so that sensor 9
detects movements of plunger 8 as a signal deviating from the
setpoint, and forwards the same to control unit 6, which
thereupon transmits a control signal to opening mechanism 7,
thereby activating the same.

In FIG. 5, the sensor unit is shown as an isolated assembly
in a three-dimensional view. The sensor unit is composed of
plunger 8 with sensor 9 received therein, printed circuit board
14, and spring element 11. Above printed circuit board 14,
plunger 8 has formed thereon a circumferential abutment
flange 19 which, when spring element 11 is completely
relaxed, comes to rest on the underside of bearing sleeve 20 of
body 2, thus captively securing plunger 8.

FIG. 6 shows one possible embodiment of plunger 8, which
has formed on its underside two ribs 16, 17, between which
the free space 13 suitable to receive sensor 9 is formed.

Finally, F1G. 7 shows a top view of printed circuit board 14.
In this view, it can be seen how cutouts 15 are configured to
enable ribs 16, 17 of plunger 8 to extend therethrough. Cut-
outs 15 are approximately semicircular in shape. Sensor 9 is
disposed centrally between cutouts 15 and is provided in its
central region with a raised surface corresponding to contact
surface 10 of plunger 8. This makes it possible to achieve a
point contact between contact surface 10 of plunger 8 and
sensor 9, which decidedly improves the introduction of force
into sensor 9, and thus the measurement accuracy of sensor 9.
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While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative or
exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordinary
skill within the scope of the following claims. In particular,
the present invention covers further embodiments with any
combination of features from different embodiments
described above and below. Additionally, statements made
herein characterizing the invention refer to an embodiment of
the invention and not necessarily all embodiments.

The terms used in the claims should be construed to have
the broadest reasonable interpretation consistent with the
foregoing description. For example, the use of the article “a”
or “the” inintroducing an element should not be interpreted as
being exclusive of a plurality of elements. [ikewise, the reci-
tation of “or” should be interpreted as being inclusive, such
that the recitation of “A or B” is not exclusive of “A and B,”
unless it is clear from the context or the foregoing description
that only one of A and B is intended. Further, the recitation of
“at least one of A, B and C” should be interpreted as one or
more of a group of elements consisting of A, B and C, and
should not be interpreted as requiring at least one of each of
the listed elements A, B and C, regardless of whether A, B and
C are related as categories or otherwise. Moreover, the reci-
tation of “A, B and/or C” or “at least one of A, B or C” should
be interpreted as including any singular entity from the listed
elements, e.g., A, any subset from the listed elements, e.g., A
and B, or the entire list of elements A, B and C.

LIST OF REFERENCE NUMERALS

1 refrigeration appliance
2 body

3 door

4 interior

5 seal

6 control unit

7 opening mechanism
8 plunger

9 sensor

10 contact surface

11 spring element

12 passage

13 free space

14 printed circuit board
15 cutouts

16 rib

17 rib

18 interior side

19 abutment flange
20 bearing sleeve

21 underside

22 abutment surface
23 guide sleeve

24 collar
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What is claimed is:

1. A refrigeration appliance comprising:

abody having an interior sealed by a closable door by a seal

disposed between the door and the body; and
at least one control unit for actuating an opening mecha-
nism acting on the door, whose control signal, which
triggers the opening of the door, is configured to be
generated by at least one sensor cooperating with a
plunger,
wherein the plunger has a contact surface for engagement
ofthe sensor, and the plunger is supported in a passage of
the door or of the body so that it is configured to be
movable, together with the sensor engaged against the
contact surface, in an axial longitudinal direction of the
plunger and against a force of a spring element,

wherein the sensor is disposed on a floatingly mounted
printed circuit board.

2. The refrigeration appliance of claim 1, wherein the con-
tact surface of the plunger that contacts the sensor has a
spheroid geometry.

3. The refrigeration appliance of claim 1, wherein the
spring element is a helical compression spring disposed
coaxially with the plunger.

4. The refrigeration appliance of claim 1, wherein the sen-
sor is received in a free space of the plunger.

5. The refrigeration appliance of claim 1, wherein the
printed circuit board has circular segment-shaped cutouts
surrounding the sensor to receive corresponding ribs formed
on the plunger and surrounding the free space thereof.

6. The refrigeration appliance of claim 1, wherein the sen-
sor operates based on a piezoelectric effect.

7. The refrigeration appliance of claim 1, wherein the sen-
sor is a force sensor.

8. The refrigeration appliance of claim 1, wherein the
plunger has an abutment flange on an interior side of the
passage provided in the door or in the body.

9. The refrigeration appliance of claim 1, wherein the pas-
sage for the plunger is configured as a bearing sleeve on an
interior side of the door or of the body.

10. The refrigeration appliance of claim 1, wherein a force-
travel curve of the spring element corresponds to a measure-
ment range of the sensor, and the sensor has a measurement
range which includes both the sensor’s measurement range
and the action of the spring element.

11. The refrigeration appliance of claim 1, wherein a mea-
surement travel of the sensor is increased by the spring ele-
ment.

12. The refrigeration appliance of claim 1, wherein in the
refrigeration appliance, an abutment surface corresponding to
an underside of the plunger is provided to mechanically limit
the deformability of the spring element so as to protect the
sensor from overloading.
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